The aim of this paper is to review evidence of the effectiveness of interventions that present physical activity outcomes and potential mediators of behavioural change among 4-12-year-old children. A systematic search of electronic databases for original research articles published in peer-review journals between January 1985 and the end of June 2006 was carried out. A total of 19 studies that reported intervention effects on physical activity and mediators of behavioural change were identified. The most common mediators reported included physical activity knowledge or beliefs (11 studies); self-efficacy (8 studies); and enjoyment or preference for physical activity (6 studies). Less frequently reported mediators included attitudes, behavioural capability, intentions, outcome expectancies, social norms, social support and self-concept. Seven of the 11 interventions that reported intervention effects on knowledge/beliefs stated positive changes in this mediator. Four of the eight studies that reported intervention effects on self-efficacy had significant improvements; however, only two out of six interventions reported significant improvements in physical activity enjoyment or preference. None of the studies reviewed reported whether changes in these constructs mediated changes in children's physical activity behaviours. Although more than half of the studies reviewed reported a positive intervention effect on children's physical activity, no study carried out a mediating analysis to attempt to identify the mechanisms of change. Future research should more clearly identify the mediators of behavioural change that are being targeted and whether this explains intervention effects.
Introduction
Children who participate in lower levels of physical activity are more likely to show risk factors for cardiovascular disease (CVD), such as poor blood lipid profiles. 1 A recent study found that compared with the most active children (131-167 min day -1 ), the least active children in the sample (34-38 min day -1 ) were more than three times as likely to have clustered risk factors for CVD (that is, adiposity, high systolic blood pressure, high blood lipids, insulin resistance, low fitness). 2 Further, a meta-analysis of the effects of physical activity treatment programmes on various indices of children's adiposity found that different intensities and durations of physical activity resulted in favourable outcomes for children's weight. 3 With unprecedented global increases in the prevalence of childhood overweight and obesity, particularly in economically developed countries and urbanized populations, 4 and corresponding declines in physical activity, 5 there has never been a more urgent need for effective physical activity programmes to reduce the incidence of overweight and obesity as now. Given the central role of physical activity as part of a broader strategy to prevent overweight and obesity among children, 6 a comprehensive review of the evidence is required. A recent narrative review of physical activity interventions reported that the most effective strategies among children incorporated some focus on physical education (PE), activity breaks and family strategies within the school setting. 7 Although interventions delivered in the family setting were not highly effective, many were pilot studies, and very few studies have been delivered in the primary care or community settings to draw any firm conclusions. Although informative, that review did not systematically identify potential mechanisms of behavioural change. For example, it has been argued that the most successful and effective interventions in the physical activity literature are those that have utilized a theoretical framework; 8 identifying the intervention effects on potential mediators (for example, the self-efficacy construct from Bandura's Social Cognitive Theory 9 ) of behavioural change provides insights into those aspects of the intervention that worked or did not work. The aim of this paper was to review the evidence of the effectiveness of interventions that present physical activity outcomes and report on effects on potential mediators of behavioural change among 4-12-year-old children.
Methods
To identify intervention studies that targeted 4-12-year-old children, and reported a physical activity and mediator outcome, the following databases for English language, original research articles published in peer-review journals between January 1985 and the end of June 2006 were searched: Medline and Premedline; Sportsdiscus; PsychInfo; PsycARTICLES; Cochrane; CINAHL; ScienceDirect; Web of Knowledge; Social SciSearch; and all Ovid databases. Studies were included in the following criteria: (1) children aged between 4-12 years; (2) reported physical activity outcomes (studies that reported only fitness outcomes were excluded); (3) reported effects on potential physical activity mediator/s; (4) sample size n416; (5) randomized controlled trials (RCTs), group randomized trials, and quasi-experimental study designs; and (6) reported effects on potential mediators of behavioural change. Overweight or obesity treatment studies or studies of clinical populations were also excluded. The intervention studies were grouped according to the intervention setting: school, family and community.
Results
Fifty published studies, representing 42 separate physical activity interventions, were identified. Of these, only 19 studies (13 in the school setting, 5 in the family setting and 1 community based) reported intervention effects on physical activity and on mediators of behavioural change (see Table 1 ). The most common theoretical framework applied was the Social Cognitive Theory (13 studies). [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Only two studies reported using the Theory of Planned Behaviour, 13, 24 with other theoretical frameworks, such as the Behavioural Choice Theory, 11 the Organizational Change Theory, 14 the Social Ecological Model, 25 and Pender's Health Promotion Model 23 being reported by single studies. Four interventions did not explicitly identify using a theoretical framework; [26] [27] [28] [29] however, the effects on theoretically derived constructs such as knowledge and beliefs, enjoyment, social influences, barriers, perceived health, and self-efficacy were reported. The most common mediators assessed included physical activity knowledge or beliefs (11 studies); [10] [11] [12] [13] [15] [16] 18, 23, [26] [27] [28] self efficacy (8 studies); [14] [15] [16] 18, 20, 22, 23, 26 and enjoyment or preference for physical activity (6 studies). [19] [20] [21] [22] 25, 27 Less frequently reported mediators included attitudes, behavioural capability, intentions, outcome expectancies, social norms, social support and self-concept. Seven of the 11 interventions that reported intervention effects on knowledge/beliefs reported positive changes in this mediator. [10] [11] [12] [13] 15, 18, 28 Four of the eight studies that reported intervention effects on self-efficacy reported significant improvements in that construct; [14] [15] [16] 18 however, only two out of six interventions reported significant improvements in physical activity enjoyment or preference. 22, 27 Positive effects on attitudes towards physical activity, 24, 28 perceived social support for physical activity, 18 outcome expectancies, 16 and exercise behavioural capability 14 were also reported.
Seven of the 11 studies that reported positive effects on potential mediators also reported positive outcomes on children's physical activity. [12] [13] [14] [15] 18, 24, 27 None of the reviewed studies reported whether changes in these constructs mediated changes in children's physical activity behaviours.
Discussion
Effecting change in children's physical activity behaviour requires an understanding of the constructs or pathways that should be targeted in behavioural change strategies. Of the 19 studies reviewed in this paper, it is clear that only a limited number of studies (less than half of the children's physical activity intervention studies published in that 21-year period) have reported on a limited number of potential mediators. Of the potential mediators reported in this review, knowledge and beliefs, self-efficacy and enjoyment were the most common. It is important for future intervention studies promoting children's physical activity to clearly identify a theoretical framework and the proposed mechanisms of change, and to show the pathways of behavioural change with appropriate statistical methods. None of the children's physical activity interventions reviewed in this paper employed analyses to determine mediating pathways of behavioural change, using techniques such as structural equation modelling, path analysis, the Baron-Kenny method, and the MacKinnon et al. or Freedman-Schatzkin's tests. 30 Although the application of theoretical frameworks in physical activity interventions is recommended, 8 many behavioural change theories have not been rigorously tested, particularly among children. It has been argued that more experimental and quasi-experimental studies rigorously testing mediating pathways of behavioural change are needed for informing how to modify theoretical constructs and better understand causal pathways. 31 It is apparent from this review that future research should more clearly identify the mediators of behavioural change that are being targeted and whether this explains intervention effects.
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